OBJECTIVE: To describe the problem of obesity in Mexican American children and provide a method for identifying Mexican American children at risk for obesity. DESIGN: Cross-sectional and retrospective cohort study. SUBJECTS: Mexican American children, ages 5 ± 11 (kindergarten (K) ± 5th grade) were studied in cross-sectional (girls 463, boys 448) and retrospective (girls 124, boys 92) samples. MEASUREMENTS: Weights (kg) and heights (cm) were extracted from each child's school medical records. Measurements were made by the school nurses (one nurse per school). Body mass index (BMI [wah 2 ]) was calculated from obtained weights and heights. RESULTS: The prevalence of obesity in the cross-sectional sample was 27.4% for girls and 23.0% for boys. The highest prevalence was noted in 4th grade for both the girls (32.4%) and boys (43.4%). The 5 year incidence rates derived from the retrospective sample were 17.7% for girls and 21.1% for boys. The largest increase in the number of girls becoming obese was observed between K and 1st grade (15.6%). The largest increase for boys was found between the 1st and 2nd grades (13.2%). Logistic regression parameters were calculated to estimate the probability of becoming obese in 5th grade given a child's K BMI. Using the generated equation, BMIs in K equal to 16.5, 20.9, and 23.7 would have a 21.0%, 70.0%, and 91.0% probability of being obese by 5th grade. CONCLUSION: This study provides schools with a simple procedure for identifying Mexican American children at risk for obesity. This procedure may assist in the development and implementation of interventions aimed at averting the onset of obesity in this population.
Introduction
Obesity is one of the most common and dif®cult clinical disorders to manage. Its consequences are numerous and are not restricted by age, gender or ethnicity. Adult obesity is associated with increased risk for non-insulin-dependent diabetes (NIDDM), hypertension, hypercholesterolemia, and certain cancers. 1 Similar relationships have been demonstrated in children and adolescents. 1 Longitudinal studies indicate that obesity and its related disorders`track' from the early years of life into adulthood. 2 Thus, successful interventions aimed at preventing obesity might prove most bene®cial if initiated in childhood.
Although the health risks of obesity are well known, efforts to treat it have been unsuccessful in the long-term. Prevalence reports indicate that the number of overweight adults has increased substantially over the period from 1980 to 1990 to approximately 55% of the population. 1, 3 Similar trends also have been noted in preschool children. Based on the National Health and Nutrition Examination Surveys (NHANES I±III), over 10% of 4-and 5-year-old girls were overweight in 1988 through 1994 compared with only 5.8% in 1971 through 1974. 4 Moreover, Mexican American children had a higher prevalence of overweight than non-Hispanic black and non-Hispanic white children. These results parallel what has been reported for older children and adults within these ethnic groups. 1 Because obesity is so prevalent among Mexican Americans and childhood obesity is associated with adult obesity, interventions should be developed for younger children in this population. However, because universal prevention efforts may be too costly and dif®cult to implement, targeting those most at-risk for becoming obese may be the most ef®cient and effective strategy. This study describes the problem of obesity in Mexican American children and provides preliminary probability estimates which may enable early detection of Mexican American children who are at risk for the future development of obesity.
on age, ethnicity (parental self-report), freeareduced lunch quali®cation status, weight, height, gender, and grade level. Approximately 4.2% (18 boys and 25 girls) were excluded due to an ethnic background other than Mexican American. Additionally, six children (®ve boys and one girl) were excluded because they were over 11 years of age and 55 children (31 boys and 24 girls) did not have complete height or weight data. Therefore, the cross-sectional study sample consisted of Mexican American boys (n 448) and girls (n 463) between 5 and 11 years of age.
Retrospective cohort. Of the 911 records used for the cross-sectional sample, 216 (124 girls and 92 boys) were identi®ed that had weight and height measures made annually between 1991 (kindergarten) and 1996 (5th grade). The original retrospective cohort consisted of 100 boys and 136 girls; however, eight boys and 12 girls did not have complete weight or height data, and thus, were excluded from the retrospective analyses. They did have 1991 heights and weights which did not differ from the 1991 measures obtained on the retrospective study sample.
Design
There were two facets to this study. Facet one was cross-sectional and consisted of the analyses of data collected in 1996 on 911 Mexican American children. Facet two was retrospective and entailed the examination of data obtained annually between 1991 and 1996 on 216 Mexican American children.
The school district where this study was conducted is located in a large metropolitan area in the south central United States. The district is comprised of Caucasian, African American, Asian and Mexican American populations ranging from low to high socioeconomic status (SES). The district contains six elementary schools that are comprised predominately of Mexican American children (88±98%). Of these six, three were randomly selected for participation. Following consent from each school's principal to review the school enrollment and health records, one investigator (RRS) collected all information.
Weight and Height Measures
Weights and heights were extracted from each child's school medical record. The child's age at the date of measurement was also determined from these records. Measurements were made by the school nurses (one nurse per school) according to speci®c guidelines. The nurses presently at each school were the same ones employed by the schools at the 1991 examination. It was not apparent from school records or personal interviews with the nurses that any measures were made in their absence. A physician's balance beam scale was used to measure weight (to the nearest 0.5 lb [0.23 kg]). Height (to the nearest 0.5 in [1.27 cm]) was measured with the child standing against a vertical wall-mounted scale with both heels and buttocks against the wall and their head in the Frankfort plane with an anthropometric square. Both weight and height were measured with the child's shoes removed. All scales were calibrated by the nurse using standard weights prior to the measurement period and each week during the measurement period. All measures were made throughout the school day during the month of November.
Statistical Analyses
The signi®cance level for all analyses was set at P`0.05. Data were analyzed using a statistical computer software package. 5 Age and gender speci®c body mass indexes (BMI) were referenced from the National Health and Nutrition Examination Survey III (NHANESIII) to de®ne obesity for the cross-sectional and retrospective samples as a BMI above the 95th percentile. 6 Cross-sectional. A factoral analysis of variance (ANOVA) (2 Â 6) was used to test for differences in height, weight and BMI between genders and grades. This was followed by a Scheffe post-hoc analysis to determine which means were signi®cantly different from each other. Grade and gender speci®c prevalence estimates were determined as the number of obese children divided by the total population Â 100.
Retrospective. Yearly (e.g. 1st through 2nd grades) and 5-y (i.e. kindergarten through 5th grade) incidence rates were calculated as the number of nonobese children becoming obese over a speci®ed time period divided by the total number of non-obese children present at the beginning of the speci®ed time period. Sensitivity was calculated as true positives divided by true positives plus false negatives; where true positives equal the number of children identi®ed by a kindergarten BMI cut-point that should be obese by 5th grade and who actually became obese by the 5th grade and false negatives equal the number of children identi®ed by a kindergarten BMI cut-point that should not be obese by 5th grade but who actually became obese by the 5th grade. Speci®city was calculated as true negatives divided by true negatives plus false positives; where true negatives equal the number of children identi®ed by a kindergarten BMI cut-point that should not be obese by 5th grade and who actually did not become obese by the 5th grade and false positives equal the number of children identi®ed by a kindergarten BMI cut-point that should be obese by 5th grade but who actually did not become obese by the 5th grade. Logistic regression analysis 7 was used to estimate the probability (P) of obesity at 5th grade. The dependent variable was the absence (0) or presence (1) of obesity at 5th grade. The independent variables entered in the model were Early identi®cation of obese Mexican American children RR Suminski et al age, gender, and kindergarten BMI. The formula used to calculate the probability (P) was as follows:
; where e is the base ten and LS refers to least squares.
Results

Cross-Sectional
The descriptive characteristics of the cross-sectional sample are presented in Table 1 . The children were all of Mexican American descent as determined by parental self-report. Most of the children were members of families that quali®ed for a free or reduced lunch program sponsored by the local school district. To qualify for the free lunch program, the gross family income for a two parent household was below $19,629 per year. About 80% of the study population met this criteria. Furthermore, 6.5% quali®ed for partial compensation. These data showed that the cross-sectional study population consisted predominately of lowincome, Mexican American children.
Also presented in Table 1 are the mean AE standard deviation (s.d.) ages, weights, heights, and BMIs corresponding to each grade level. The largest difference in weight was seen between the third and fourth grades for both genders (7.4 and 8.5 kg) for the girls and boys, respectively; however, height was not signi®cantly different between these two grades; consequently, the greatest difference in BMIs was also noted between these grades (1.7 for girls and 3.5 for boys). There were no signi®cant differences in height, weight or BMI between boys and girls at any grade level.
The prevalence rates of obesity for each grade are also given in Table 1 . The highest rate of obesity for girls was observed in fourth grade (32.4%). Conversely, the lowest rate for girls was seen in ®rst grade (24.2%). For the boys, the highest rate of obesity was seen in fourth grade (43.4%) and the lowest rate was noted in ®fth grade (9.1%). The overall prevalence rate for the entire sample was 25.2% (27.4% for girls and 23.0% for boys).
The mean BMIs for each gender by age group are contrasted with those of the reference sample in Table  2 . For all age groups and both genders, the BMIs of the present sample exceeded those of the reference sample. The greatest difference was noted for the 9± 9.9 year old boys and girls. The BMIs of the girls were 20.8% higher and those of the boys were 26.8% higher than the reference sample BMIs. The BMI standard deviations for the present sample were higher than those reported for the national sample for all age groups and both genders. The differences in standard deviations between the present sample of girls and the reference sample of girls ranged from 0.8 (8±8.9 age group) to 2.4 (9±9.9 age group). For boys the differences were 0.7 (10±10.9 age group) at the low end to 2.1 (9±9.9 age group) at the high end.
Retrospective
The retrospective sample was very similar to the cross-sectional sample in terms of age at each grade, ethnic background, and those eligible for free and reduced lunches (Table 3) . They were predominately low-income, Mexican American children 5±11 years of age. In ®fth grade, 72.4% quali®ed for the free lunch program and 5.4% received a reduction in lunch prices. They demonstrated the same changes in height with each increase in grade as the cross-sectional sample, i.e., approximately 3±8 cm per year. The retrospective cohort of girls tended to weigh about the same or slightly less than the cross-sectional sample of girls at all grades except at 5th grade where the retrospective cohort was 0.9 kg heavier than the cross-sectional sample. The increase in Early identi®cation of obese Mexican American children RR Suminski et al weight between 4th and 5th grade for the retrospective cohort of girls was 6.4 kg compared to a difference of 3.1 kg between the 4th and 5th grades for the crosssectional sample. The retrospective cohort of boys tended to weigh less than the cross-sectional sample at each grade until advancing into the 5th grade. At this grade, the retrospective cohort of boys increased 7.8 kg from 4th to 5th grade compared with a 7 0.04 kg difference between 4th and 5th grades for the cross-sectional sample Table 3 also presents the prevalence of obesity at each grade for the retrospective cohort. The highest rate was noted in the 4th grade for the girls (30.6%), while the highest rates for boys were seen in the second (30.4%) and 4th (30.4%) grades. The prevalence rates at each grade are comparable between the retrospective and cross-sectional samples except in ®rst and ®fth grade boys where the prevalence was approximately 2±3 fold higher for the retrospective cohort. As with the cross-sectional sample, the prevalence of obesity in kindergarten was over 20% for both genders.
The incidence rates of obesity for the longitudinal sample are given in Table 4 . The greatest increase in new obesity cases for girls was observed between kindergarten and 1st grade (15.6%). The most drastic increase for boys was seen between the ®rst and second grades (13.2%). Of the girls entering kindergarten who were not obese, 17.7% became obese by 5th grade. For boys this corresponded to 21.1%. Examination of the incidence and prevalence rates for the retrospective cohort provides an indication of the number of children who became obese, stayed obese and became non-obese. Of the 37 obese girls in 3rd grade, 35 (94.6%) stayed obese into 4th grade. Likewise, of the 23 obese boys in 3rd grade, 22 (95.7%) stayed obese into 4th grade. Thirteen of the 28 obese kindergarten girls became non-obese by 1st grade (46.4%), while 10 of the 28 obese 4th grade boys became non-obese by the 5th grade (35.7%). The overall¯ux of children changing obesity status between kindergarten and 5th grade was 41 children (27 girls and 14 boys).
Sensitivity and speci®city estimates for kindergarten BMIs corresponding to the 50th, 75th, 90th, and 95th, percentiles are present in Table 5 . Based on the sensitivity estimate at a kindergarten BMI cut-point of Figure  1 . Using the generated equation, children with BMIs in kindergarten equal to the 50th (16.5), 90th (20.9), and 95th (23.7) percentiles would have a 21.0%, 70.0%, and 91.0% probability of being obese by 5th grade.
Discussion
The present study describes the problem of obesity in low-income, Mexican American children. It also provides criteria for determining the probability of a lowincome, Mexican American child in kindergarten becoming an obese 5th grader. The criteria are based solely on kindergarten height and weight, making it easy to determine because anthropometric measures can be easily obtained as part of the child's initial health screening exam at school. In addition, these criteria are useful because kindergarten is usually the ®rst contact children have with an institution that is in a position to provide health services simultaneously to a large number of individuals. The age at which these measures are obtained enables the initiation of early intervention strategies for high risk children. Early intervention may be particularly important because treatment of obesity for adults has been shown to be largely ineffective. 1, 8 Over 91% of the time, children with kindergarten BMIs at or above 23.7 developed obesity by the 5th grade. Children who entered kindergarten obese rarely (`9% of the time) experienced weight adjustments suf®cient enough to remove them from the obese category. Most children who entered kindergarten obese left elementary school obese. This is a signi®-cant ®nding because obesity at the completion of elementary school (ages 10±14 y) is predictive of adult obesity. 9, 10 An obese 10±14 y old has a 64% chance of obesity in adulthood, whereas a non-obese child of comparable age has only an 8% chance. 10 Applied to the current data, 16.8% of the retrospective cohort of 5th grade boys and girls would become obese adults (16.8% is 64% of the prevalence of obesity in 5th grade which was $ 26%). If this ®gure is applied to the U.S. population of Hispanic children in this age group (n 2,425,677), over 407,000 of them (without attrition) will be obese by the time they reach young adulthood.
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The failure of the obese kindergarten children to lose weight as they progressed through elementary school most likely re¯ects adverse health behaviors such as physical inactivity. Massara 12 suggests that Hispanics may consciously strive to reach a certain level of adiposity in order to conform with culturally perceived norms. Increases in adiposity may be accomplished through reductions in physical activity levels subsequent to less participation in family and organized recreation and inadequate prompting from parents. 13 The maintenance of obesity status also indicates potential inadequacies in the current school-based, physicalahealth education programs being offered to low-income, Mexican American children, although this may apply to low-income youth in general. The effectiveness of school physicala health education programs on childhood health, speci®cally obesity, needs scienti®c study.
The decision as to which children should be offered additional weight management services is a dif®cult one. According to the present study, a child with a kindergarten BMI at or above 23.7 has over a 91% chance of being an obese 5th grader. However, when a kindergarten BMI of 23.7 is utilized as a cut-point for Figure 1 The relationship between kindergarten BMI and probability of obesity in 5th grade.
Early identi®cation of obese Mexican American children RR Suminski et al identifying those children who will become obese 5th graders only a small proportion are correctly diagnosed (13.8%). In other words, 86.2% of children becoming obese by 5th grade would not be identi®ed. Practical recommendations based on the present ®ndings include: (1) assuring that children with kindergarten BMIs ! 23.7 be selected for additional weight management services, because 91% of these children will be obese by 5th grade and; (2) using a kindergarten BMI of 16.5 as a cut-point for offering special services would correctly identify most (83.1%) of those children becoming obese by 5th grade. The trade-off incurred by using 16.5 would be the inclusion of a large number (44.4%) of children in the special program who would not become obese by 5th grade. Perhaps for children over the kindergarten BMI cut-point of 16.5 and under a kindergarten BMI of 23.7 it would be advantageous to gather information concerning other parameters that may affect the child's physical development (e.g., the obesity status of the parents) 10, 14 in order to improve the speci®city of this screening technique. Ultimately, the choice of which BMI cut-point to use would involve weighing the cost of treating obesity and its co-morbid conditions in those children who were misdiagnosed against the cost of providing special services to children who are not at risk for obesity. Classifying non-obese children as obese may result in the attachment of certain obesity stigmatisms (e.g. lazy) to the child and potentially lead to adverse psycho-social outcomes.
It may also be argued that strategies to prevent obesity should be offered to all children and not just those falling above a speci®ed cut-point. This rationale is reasonable given the implementation and administrative dif®culties associated with devising two separate physical education classes to treat children at risk and not at risk for obesity. Schools serving low-income populations do not have the ®nancial resources or extra personnel to offer separate programs. Therefore, a physical education curriculum emphasizing weight lossamaintenance behaviors (e.g. exercise) for all students may be more practical. For those children highly at risk for obesity (kindergarten BMI ! 23.7) a referral system may be constructed to provide them with additional assistance beyond the schools capabilities.
The sample of children in this study may not represent other Hispanics or other ethnic groups across the United States. This is a reasonable assumption and limits the generalization of the results; however, information generated from small, geographically de®ned areas such as the one used, may be more advantageous for local prevention efforts than information obtained from national surveys. Findings from NHANESIII place the prevalence of obesity at 12.6% for Mexican American children 4 and 5 years of age, which is 6.8% higher than the prevalence for non-Hispanic whites 4 . Results from the present study indicate that the prevalence of childhood obesity is much worse in the present sample, exceeding national norms for obesity prevalence by 11.5%. 6 Furthermore, the mean BMIs of the Mexican American children used in this study are higher than those reported for the national sample of Hispanic children. 6 A similar divergence of overweight prevalence was reported between elementary school children in New York state and their peers in the rest of the country. These individual`pockets' of obese populations may equate to a substantial obesity problem when summed over the entire United States.
Measurements of heights and weight were made by the school nurse. Each school used in the present study had a different nurse on staff. Inter-experimenter (i.e., nurse) reliability was not measured; however, the school nurses were highly trained professionals with the skills necessary to properly determine the height and weight of a child. Furthermore, each school had standard and identical protocols for measuring height and weight including equipment calibration procedures. The same three nurses were employed by the schools at the 1991 and 1996 measurement dates. Thus, a certain degree of consistency concerning weights and heights obtained on the retrospective cohort would be expected.
In conclusion, low-income Mexican American children who are at risk for developing obesity can be identi®ed at an early age. Based on the probability estimates, a kindergarten child with a BMI of 23.7 has approximately a 91% chance of being obese in 5th grade. These children are at high risk and might be considered for early treatment or prevention programs. The correct identi®cation of children who become obese might be further enhanced by acquiring additional information on the children and their parents. This approach may improve the speci®city of using kindergarten BMI as a technique for screening for future obesity.
